(1,25(OH)2D3)'9-22; the mononuclear and multinucleated cells formed in these cocultures show all the phenotypic characteristics of osteoclasts, including expression of tartrate resistant acid phosphatase (TRAP), calcitonin receptors (CTR), and most importantly, the functional ability to produce resorption lacunae in bone. In the context of an inflammatory disease such as rheumatoid arthritis, where there is a heavy macrophage infiltrate in synovial tissues, osteoclast differentiation by monocytes and macrophages could represent an important mechanism for the pathogenesis of bone destruction. In this study we have sought to determine whether this cellular mechanism of osteoclast formation and pathological bone resorption operates in rheumatoid arthritis. Peripheral blood monocytes and synovial macrophages from rheumatoid arthritis patients were co-cultured with osteoblastic cells in the presence and absence of humoral factors which are known to be important in mouse osteoclast formation, in order to determine the cellular and humoral conditions for mononuclear phagocyte-osteoclast differentiation in rheumatoid arthritis.2'25
Conclusions
to bone slices and to glass coverslips, half of which had been preseeded with UMR 106 cells as described above.
The monocyte-UMR 106 and macrophage-UMR 106 co-cultures were maintained in 24-well plates, in 1 ml MEM/FCS for up to 14 days, both in the presence and absence of 10-' M 1,25(OH)2D3 (Solvay Duphar, The Netherlands), 25 ng ml-' human macrophage colony stimulating factor (M-CSF) (R & D Systems, UK), and 10' M dexamethasone. In all cultures, the medium (with added factors) was entirely replaced every 3 days.
As controls, cultures of monocytes and synovial macrophages were also set up with and without UMR 106 cells, and in the presence or absence of 1,25(OH)2D3, M-CSF, and dexamethasone.
CYTOCHEMICAL AND IMMUNOCYTOCHEMICAL CHARACTERISATION OF ISOLATED AND CULTURED CELLS
Isolated monocytes and macrophages which had been cultured on coverslips for 24 Rheumatoid arthritis monocytes and macrophages incubated on bone slices in the presence and absence of UMR 106 cells and the humoral factors described above were cultured for periods of 24 hours, 7 days, and 14 days. To determine whether lacunar resorption of bone slices had occurred, confluent cell cultures were removed from the surface of the bone in the following manner: each bone slice was rinsed in phosphate buffered saline containing 0.2% EDTA, then placed in 0.25% trypsin solution for 10 min, after which they were rinsed vigorously in distilled water and immersed in 0.25 M ammonium hydroxide overnight; they were then washed in distilled water, dehydrated in graded alcohols, and air dried. The bone slices were mounted onto aluminium stubs using double sided Sellotape, sputtered with gold, and examined in a Phillips SEM 505 scanning electron microscope. The presence or absence of resorption pits on the Figure 3 Rheumatoid monocytelUMR 106 co-culture after 14 d showing the presence of calcitonin receptors on multinucleated cells by autoradiography using 125I labelled calcitonin (x 400).
bone surface was noted,35 and the extent of resorption determined semiquantitatively.
Results

HISTOLOGY AND SPECIMEN RADIOGRAPHY OF RHEUMATOID ARTHRITIS SYNOVIAL SPECIMENS
The specimens of rheumatoid synovium showed the typical histological features of this condition with villous thickening of the synovial membrane, intimal hyperplasia, and a heavy subintimal chronic inflammatory infiltrate, including numerous lymphocytes, plasma cells, and macrophages. On specimen radiography, it was noted that all rheumatoid synovial specimens contained small radioopaque fragments, and on histology these were found to represent small fragments of bone derived from the eroded joint; several of these bone fragments were surrounded by osteoclasts.
CHARACTERISATION OF CELLS ISOLATED FROM PERIPHERAL BLOOD AND SYNOVIUM IN 24 h CULTURES
Adherent cells isolated from the peripheral blood of rheumatoid arthritis patients were characterised as monocytes on the basis that, after being incubated alone on coverslips for 24 hours, they were entirely negative for osteoclast markers (that is, TRAP, VNR, and CTR)29 3134; they strongly expressed CD1 lb and CD14 monocyte/macrophage antigens, which are known not to be expressed by osteoclasts." In addition, after 24 hours incubation on bone slices, no evidence of lacunar resorption was found on scanning electron microscopy.3536 The above cytochemical, immunocytochemical, calcitonin receptor, and functional characteristics were seen when these isolated cells were cultured both in the presence or absence of UMR 106 cells, 1,25(OH)2D3, and M-CSF.
Cells isolated from the synovium of rheumatoid arthritis patients cultured for 24 hours on glass coverslips, both in the presence and absence of UMR 106 cells, 1,25(OH)2D3, and M-CSF, were also strongly CDl lb and CD14 positive. Similarly, they were also entirely negative for the osteoclast markers, TRAP and VNR, and they did not produce lacunar resorption on bone slices. 2) . In all cases, over 50 resorption pits were seen on each bone slice when rheumatoid monocytes were cultured under these conditions. This extensive lacunar resorption was not seen when rheumatoid monocytes were cultured for 14 days in the absence of UMR 106 cells, or when 1,25(OH)2D3 or M-CSF was omitted from monocyte-UMR 106 co-cultures. Although dexamethasone was not an absolute requirement for lacunar bone resorption, its addition to rheumatoid monocyte-UMR 106 co-cultures (with added 1,25(OH)2D3 and M-CSF) considerably increased the extent of the lacunar resorption seen.
The presence of calcitonin receptors was also determined by autoradiography in (fig 4) . In the absence of UMR 106 cells, 14 day rheumatoid arthritis macrophage cultures on bone slices, even when incubated in the presence of 1,25(OH)2D3 and M-CSF, showed no evidence of lacunar resorption. Lacunar resorption was also not seen in rheumatoid macrophage-UMR 106 co-cultures when 1,25(OH)2D3 or M-CSF was omitted from the culture medium. Discussion This is the first report of human osteoclast formation and bone resorption by mononuclear phagocytes isolated from patients with rheumatoid arthritis. It indicates that mononuclear phagocytes, either present in the inflamed synovial membrane or recruited to the synovium from the circulation, may directly contribute to the osteolysis of rheumatoid arthritis by themselves differentiating into multinucleated cells which show all the cytochemical and functional features of osteoclasts. This study has also characterised the cellular and humoral conditions required for this to occur, showing that osteoblastic cells, 1,25(OH)2D3, and M-CSF are essential for osteoclast formation from rheumatoid monocytes and macrophages.
Cells isolated from the peripheral blood and synovial membrane were characterised as monocytes and macrophages on the basis that they did not express the osteoclast markers of TRAP 29 VNR31, and CTR,3 and did not possess the ability to form resorption lacunae after 24 hours in culture, a functional feature which is characteristic of osteoclasts'536 ; these cells, however, did express CD1 lb and CD14 mononuclear phagocyte antigens which are known not to be expressed by osteoclasts." Although cells expressing these antigens persisted in all the long term monocyte/ macrophage-UMR 106 co-cultures examined, it was noted that multinucleated cells which expressed the above osteoclast phenotypic characteristics, including that of lacunar resorption, formed only when rheumatoid monocytes or macrophages were co-cultured with UMR 106 cells in the presence of 1,25(OH)2D3 and M-CSF.
Previous and M-CSF)-of proliferation and differentiation into bone resorbing osteoclasts, the tissue specific mononuclear phagocyte of bone. The essential cellular and humoral conditions for human osteoclast formation from monocytes and macrophages are present in the in vitro co-culture system described in this study. It should provide a useful model for the analysis of the role that synovial macrophage-osteoclast differentiation plays in the bone destruction associated with rheumatoid arthritis and other arthritic diseases.
